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(54) OSMOTIC DISPENSES 

(71) W«, ALZA CORPORATION, a Corporatjon organized aad existins 
raider Iros ±& Stale of CalifoCT.ia; United Siwes of America, of 950 Paee MiU 
Road, AtKj, Countjr oi Saeta Oara, California, United Stares of Amerip?, do 
Jie«by acdare lbs mycnAHi for wbich wc pray that a pattcnt may be EtaoiBd to us 
awl tlie meilipd bj- which it is to Ije perftKxncd to be paitfenlsrly tocnbed in and 
trj! the Mowmg sratHtnoit;— . u «u« 




Mod? useful agents mch as drugs »nd ae^altwa! chemica]!, att mth mnmed 
effinancy when tbcy are delivEred at ccjitfoMcd rates for piotenwid periods oTttae 
lotiie p88t coDMUed atcs of rrfease of agent have been achieved pmnarily b]l 
rcstndmg the agent within a cQacijig or memtae which slowly erodes and rtlewa 
ttgeoc or by enclosing the agent in a manbrane; through which the agent can slowiy 



10 



15 OmuKKS and oanobc pressure have also been i,s=d to deliver agcai« In the paa, 15 

such dfadosed m yi^fra?. /. Biol. Vol. 30. op. 4i5--420 (igiS). The Icyice 
"ferwce has three coaipsitments. On* is ^led with wsta W is stpaiatcd 
irom a second by a seaupetmeabfe mefflhrane. The second cm-mmeot aomws a 
Congo red solutMiL Tiie octago red wlutioa asmodcaEy dnm T/atsr fwm the first 20 
chamber tkrougli the membrane. As the volvms- of the jeceaad dbamhcr Mames it 
tTbrdi^c^^* ^ chamber which ooniiiins agent and wwes the- agpit 

35 J- tr'^^'.J"°^, ^ arampt to provide an agent di^acg device k dischssgd 

' 1 I^'- ^^^"^ 5>fi«V117. rue dfX: disd^scd h this patent itquS 25 
U^^^^ niembranc and an osmoticaHy effective soJute scpkated from a 
sotatnai o-f the agent; by a movabte pjstou. The movable piston is diiveii by osmoQC 
^^^S"^ f 'i^e. Tie neecj for a moving pistoa severely 
re«nca fte siwpe of de deywt and causes ceastniction proWcms that have limited 
m USB of the derice. The pn<s: art has not provided an osmotic deliveiy de?ica simpk 30 
»f constxnctioa JjKraig no rao^-icg pans winch ttiD pemiit owtwlled sc^cd relcis= 
o£ a wde raii|e «( active agents over prokHiged periods of time, 
device ^ P™'^'5' <>* this inveatfon to provjcfe such an usaiotic deEvcry 

<rt.- "^.P^^^ iavoidon- tfKarcfore provide a simple osmgijc deJiveiy dssvloe *5 
This dtvice eampnsed of a wall surrounding sEtd cftEtainfejg an osmmicdlly effet- 
uve sotate cor^nang an active agssit, the wiiU. having a. siiaU passagc-wav com- 
^-^"^ agmt-ccfl-ptising solute and the extetior of die device. 
40l ™™^Sr l^lfr^'^'^i™'"^'^^'^'^ la M ieast a part of a material that is semi- 

SttmpermettWe pns of the wall and dissolves n ponioa of the osmoiically efifective 
^'^^ ageol;^cado«d vrito lie WBii. As more fluid p^ica^lhe 

• P^**™: Optio?^£y> a coaiag of materiul thst erodes in cMin euvimS- 45 
™?L L^)^n"f amipmneaWft menibtaat Id modwatt the rate of rdcase, the 
costing pctmitttDe tte ansa of seimpeimciible mateifel exposed to vary. As toi^ as 
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thCK is mdissolved flsoaotlc sAWt insidte tbe det'lce, ttc mbtien of osmoticalljr effec- 
tive lokite insiiift the dwicc is mninlfliawl SflEBiaied ajjd the iirts of the sftnipsme- 
able mofibrant is constanti tbe rate. at irfncll dlBSOlvBii agent: is rekasoJ frmn tife 
dBvico wilJ itruain coasteatj thst Is, (few Tjill be a f ate of Telcaac wiich has a aen) 
5 order time depcndcDCc. _ 5 

In cases -where the seore agsot is idfeaseii in a psriioilsm (iiici as aiienmliim) 
foTJji, tise idsase late of active ajent may not perfectly parsJiel the lOlease of the 
OSaiOtif SOltse. By ad)nsTlcg- lilc latio of ecLiye ageat to osilMtlif tohcC; s. constant 
■ me teksst of s-gent can b« obtained. 
iO 'lie fiatutes mi advacTigcs of ±is in^edtiaa wiJI ixam eypsrent from the 10 

follo-wing detnilid descnptioa of liiS iaycntion imd ffOffi ihe follamng dtswings wbcie- 
HI Sic ifcEaeace nmnetals cfesignate like parts. 

P&. 1 is t Cut *way view of a dcEwiy dffriec of the iimentinn. 

2 is a. tap view of a (icvte cf tbe iimutkm anbodieti i» ni) ocular dcog 
IS dellTOiy dewce. 15 
Fig. 3 is am enlarged CK«s-Beaisa»l view at 3—^ i>f fte device of Big. 2. 
'Fig. 4 is an eiplodGd paspeaJre Of tbe dcsfac itf 2, 
Fig. 5 is e. diagnanmaw! deradoflsl view flf 9 honMii efe with thB device of 
Fig, 2 to' pperatjro poMtwn, 
20 P!s. <! J« a cwss-iectlonHl front iricw of a ntstmn cetitj ahovriag « Wivar? deriee •!» 

of the iaveatioiijptys&ioiied thftfEfa. 

K|. 7 is a partia! cross-ecciimal Ticw of an oEawtfc mral drog iJelivBty fJe^is* 
of the invention. 

Hg, S is a cross-Gectlonal vic\? cf a device of tte iiJYeiition embodied as an 
^ umotic omi dosage form. 25 
Fig. S is a amsecQmi Tiew of so «aBbaiiinait of the iaveation Jiaving nsni- 
jDcaiy efociiblc ocatuifis over tbe aemlpeflQKabk meoibmies ro diimgi^ tbe rate oi 
sgpt ndease from the device. 

Fig, 10 is 8 tross-sediaxial Efcw Of a device of the inToitjofl embodied as flrt 
30 flTOlotic orsl dnig dosage form witli im crodSjle outer rx^ntiug. 30 
Figs. 11—14 arc graph? iitusttatiag the patterns of agent release obtaiiiable wili 
darices of the inTCntioc, 

Tite yasent itivectdon provides sua osjjwtic device far tte cxnitroUcd ana con- 
tkuous delit^ty of a& aOi^ uait to a Vk^M axa^tuo^ itlwitwaaa: d txat over a 
55 proiod^d delivsay period. Tftis dwiee compracs a wan fotiaed m teas paidy of » SJ 
sttaipeitneable laatiaiil, said wall Mng chaiacterizEd by miiAamn$ its intngiiry dur*- 
iag i« dslivbiy period, md said matenal being permeable to the passage of tile iiquitl 
ia iliB euviroimitail of us; aud bsiug subsliiiuaily iaipcontable lo die passage of the 
active agactt, the wall surrouadiig and ddiniaj a eompsjrnnent; said sotnpartEHOEt 
4Q omtaiiung an osmoticsdly rffaaivc mbstancc caiij{)eR(iag the active ageci aod at i»ist do 
uoe psedis&ini small pasnigcwsy eonomudcittfflf mth ffie caci{Kiilmea.t and with the 
extadvr of tiie devi« jEiw telcasing atxirc sgait ftota tte d«Ti% 

Aeeoudiiis; to a fiHtlica- feattax of di!s mrcntioit, ibece k ^fljridwf a pToccsJ! tut 
{icotbciioa of tan osmotic device for tbe affiOoUsd and amtmootis delivixy of an 
43 aeove agent to a fiqdd eontldaing cjiviramaent of mc ovta- a proloagsd deliyray 45 
; period durBctoited by: — 



a) foiming a coze of an Donctlcally effective eubsUnw cmnpiising ait actiVE 

agetiT, ■ . ■" . . 

b) ecvdopiflg the core Jo a semipetweaWe racnlHittac mflteris! whidi tnaintaias 

50 " its integrity duiing the deii^eiy period, is permeable to tiie inward passage 50 

of Jiquiil iota the eaviron.'neni i)f -jss, acd is sabstantially impeKawbte to 
(bt faesagc of the active agear in tlie cox and 
i;) fijaaijR a': Itest uue )w]k m (lit mcaibcuie: as ao OOtlct passageway fox ti» 

acrivi? .iKsr.T, tije hsis bi-.qg s^zwi so tJat til* aeiSve ajjeiit is dsHwred lait- 

55:. stantially by' osmotic ptitcping, 5S 

The novel osmotic delivery device of the invention is shown in Fig. 1 fey dta 
number 10, Ddiv^jy device 10 ba-i body portion 11. Body portion 11 his a wall 14 
surtotiadifig a compartmeat 1.1 as, shewn by open section 13. Cbmparttnent 15 is a 
Mams foi coDtaiidag art active agent or an actrve agent-containiM mismrc (not 
60 shQwa). Nedr 12 is attached to bod^ 11 and can be lotegraEy formm with body H, fiO 
or cm be separately manofsictDicd sad dten joined lo (xidy LI, 

WaU 14 of d«Eiv«7 di^vini; 10 is comp-ntcd at ieast m i past t£ a smipettneRble 



I matmal, Tbe sonipetcnesbte dsierial of wall 14 ias tuntfotm firopertics across all 

i 
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Its daaensionE, riiat is, ir is substantidlly imferioratB and sutomiallr homogHiBims. 
In optritioii, when device 10 is placed in an estemol flnid eoTOOmascatj jnofccules 
at cstemal fluid, dissolve in and diffuse thiDugh tha seraqieaiieablis material of waii 
14. Thea the cs:tEnial Hjiid contads the active agent or ^eai-containinE iniJKure. 
5 Tha agent or a non-active component of tbt mixrurc mua; be an osmodeaEy effectivo 5 
SOhitt and dissolve in the extecnal fluid ctsatrng a add sccivlty gcadient across the 
eampermeiiMe material of wall 14, THs actiTity grsdient causes fcithcr diffusion 
of snlrant mo3a,-uli:s into compartmant 15 SO that an osmotic pitssare develops and 
solveitt coateung csawtic solute molecjJes (and active agtnt) is dischtegiid from 
10 device 10 to envlioament 17 via passageway 16. The rate of agent dis(imgc Uom. 10 
device 10 will smwi constftnt so long as imdissolveil osmotic solute remains within 
compartment 15. 

Ig Figures 2, 3, 4, and 5 anodicc typical dwice of th(s inTenefon, device 10, is 
shovm m vatfwis views. The descriptioa of this anbodimait of the Javentiem and isa 
operation also appKes lo other embodiments. This device 10 1b a bean-shsjjed oculsr 15 
ci«S3g ddivery dTOce. As clearly shown k Kg. 4^ d«do(s 10 b«8 a ItoUow osapait- 
mmt eadosed by and cfcfined By ±e hininatcd oanbimaticm of outer wails 14 and 
18 ai\i Jtjncr wail 19, Wftll 19 also defines a small passageway 16 from the inuer 
compartment of hoHovi' device 10 to the eittaraal ocular environment of use 17. The 
mtw companment (D in Fig. 3) cDutains a eomposidoQ at least in part soliiblB in 20 
UK fluid of liie extenaal ocular environmtsit and containing (20 in Pig. 3), At 
I teftSt a portion of the wall of device 10 cncbsing inner compaftmeot 15, i.e. walls 14, 

! IS and 19, is semipemjeable, pennining fluid from the ocular Environmcat (in ibis 

case wittr) to selectively penaeate by difiusion iato '""'^ compartoient 15 1 

Any or all of walls 14, 18 and 19 can be semipeimMble as dtacribcd. Those 23 
poitioEs of th« walli aiHTOBiidisng compaitnMiit 15 which Me not saaipemnsable siumtd 
be essentifllly impamesbh to the fldde irf the wternal ocdai eaviroDmeot sad ihe 
contents of compartment 15, 

I The maicriaJs of walls 14, 18 and 19 should be aulaaatiallf insoluble in the 

30 Mulai fluids during thE term of drug relesse, non-alkargeaiic and Wafctgleally iaeit, 30 
when the walls of device 10 are of insoluble metedal, is is aeeessaiy to icmovs! the 
device after it has exhausted its drug supply. It ic possible to ditoinase this ronoval 
I by mug walla which xtmain intact thro-jghout tifce tena (sf dnig release md bmtmdc 

to laimless endprodticts only ti-p.rp.'tftpr. 

Endosed la coini»rtmtiit 15 of device 10 1$ aa osmotically effective composition 35 
eomjjidslng a» (Sukr dn^ To be osmotically eSectire, some component of the com- 
position must be soluble m tic flnid of tlie extenml edviromnent which permeates the 
walls of device 10 (showjj as 21 in Fig, 3). In the oenkr device of Hgs. 2^5 tha 
peimeafale fluid ie wacci from teats, so some compcaenc of the compositms must be 
40 wataf soluble. This solubility is needed to pennit Ac composiricm to ftmction as 40 
an osmotically cSective solute, i.e. to vt«ite a water activity gradient across the senii- 
penneablc walls and genmte an oanwtLc prcssute inside device 10, Penacsiblfrfltad- 
soluble drugs gloue can make up the coanposition in compsrrntntnt 15, Insnlnble drags 
may be used simixed with »dde<i osraotfcally effectiye soitttc, 

. In use, acnlar device 10 of Figs. 2 — 5 is placed in tie cul-de-sac of the eye 45 
m shown la Fig. 5. In Fig. 5 device !0 is positioned in immediate contact with eye- 
ball 33 for osniotically administering drag to eye 29. Eye Z9 is OTinpriscd of eytlids 
30 and 31, eyeiteshcs 32 ajid 36. and eyeball 53 covered for the greater part of in 
poaftrioT atea by a sdem 34 and at its central area by a camsa 35. gyelids 30 and 
50 31 ate lined with an ephhoUal mcmbianc or palpehtal contuac^a, not shown. Sclera 50 
34 is cDTEiBd Willi lie bulbu cenjtioiAiva, The pordon of the pslpebcal coujuactiva 
which Eoes upper eveHd 30 and the mndelying portion of &is bdbar eonjijiicdva 
dciirjes atl wpper cul-de-sac, not seen in Fig. 5 while that portjou of tte palpebnil 
coiitmctiva which iii)e« iowcT eydid 31 and the undcrlymg portion of the bulbar 
33 conjunctiva defines a lower cul-do-sac, shown by dajhed line 38. I>eviee 10 of Ftga. 55 
2 — i mav be insetted in either cul-d&^c md fe depidtel in Fig-, 5 in dashed lines 
in operative poation. 

The o<aiiotIc device of this iwer.tio.'i can be used foe release of a wide variety 
of activB agents. The term "active agent*" as tised in diis spedficatioB and the accom- 
™ panying dajms include those compoucds or compositioES of matter whida, when dis- 60 
persed, produce a prcdetemuned beaciicial and iiscful result in auid-coniaimiig 
eayiroanients of use. Active atieats inchide for EVirmplc, pcisicidea, hecbicMts, germi- 
cides, t»oddo% a3fiidldc9j rodeatiddes, fuimicidesj insecticides, anti-^sidants, pknt 
^iDwdi prwootMS and inhshnrnrs, prraarvfttiTO;, surfactants, diasnfectants, caBlyata, 
" fetmenatma a^paits, iratrients, diugs, plant mWrafa, stoc sterHanls, plaijt hormones. 65 
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air pmifietS) and iiiici-Q-organisai attentiatois. The dispensing device of this invention 
can assume afpropdatt ehapes and si^ts for idcasiag ihess i^mis in desired fluid 
i^Qtainmg eDvimmnaats; such ss body cfiyitic^ fleams, aqiicurmnu, fidd, aad wscar- 
voiis. 

5 la the great majotitj- of these envjroitmaHs, such ss in agricultural or physio- 5 

logicil eaviranmcEts., water is present aad is the fluid of d>oice for pmncatitig the 
acimpeEineaWc walls of the device, Tte tine matcrisls for preparing the aefflipefioe- 
able poitioos of tbc Tralli of the derices of the invention tax uiawrials wiiidi sec 
powiiblc 10 water but subatuitialb' impanneable to solntcB. Typical maierlnfe for 
10 foimiiig tbe vaU Indude OGOKisis and itfftt$t osmosis memhiancs swh us unplBstidzed 10 
cellukt^ ac^t^ pla^i^jed cdhifese criscetate, ggai acetaK, atnylose trncetate, beta 
glvwt acetate, glucan tnacctste, aceialdehyde ^mcSsyl acctats, ceUtaose aoetoie 
ethyl carbamate, csSalose acetate phrtialafc, cdltdose acetate maljyl carbamate, cellulose 
acetate socdoatej ceUidose acetstte dimcthaminoacetatej cdiulose acetate ethyl caibcra- 
15 aie, cellulose acetate cHoroscetate, ceBuloEe acetate eLhyl oxalate, cdMosc acetate 25 
raeibyl sulfomtei ccUuIuie acetate racyl sdfonate, celluIosE ethers, cellulsse acetate 
piopionate, poiy(vinyl methyl) -tljcr i'spoliniers, celiuloEe acssatt dicthylamiuDacctate, 
cellnlosc acetate oaaxs, cellulose acetate lawate, methyl cellulose, celMose acetate p- 
tabtcac sulfonate, triaoOatc &f ioCUSt ^Wi bean, cellulose aceeaCe -with acetyiatcd 
20 hydroiTctlyl odtaloscj hydroisjFUttti eti^Ieoe-vinyJacetate, aromatic iiltn>|en-epiitani- 20 
ing poI^Tmeac nic(nb«rancs that exbibit wasa pctmeabUity and essentially no soltita 
passage, «aaiosSs tnefflbranes made bom polymeric <^>ddeSj ami osnnws nianbianes 
made tana sopeSjaen of an aJbylene <Hiide and aftyi glyddyl etiier, 

GenetaUr, matedals htv'mg 3 fluid peemeaMHty- of 0,01 to 10 cc/cm' iws or 
125 tu'^KT St atmospheric pxesscax: sgaiost a jatcDteil golntian cf tK ootuparmient con- 25 
tents at the temperature of t^SC while amnlrnneonalr possessin| a ijigh degree of 
irapetmetibiJity to the solute are orful for mmufactarin^ semipermeable walls of 
the devices of ibe uiveiwoa. Prefetred materials have water sorpHOns of greater than 
five percenr and less than ibixry pcrccjiv by weight at ambient tempernttiies. The 
30 oimposirions containca within and osmodleaUy released from the devices of this 30 
invenaon contain a wMc range of "aetiine agait" as already noted. On« class of active 
agents deJiveraUc by liic devices is drags. Hic tetm "dnag" broadly includes physio- 
logjcaUy or phaoaacologically active snbstanees for producing », Iccafed or sysi-emjc 
effea ar the location of administration or at a site remote ffocx the point: of applica- 
33 tion. 35 
Drugs that may be administErcd indudc inorganic and organic eompounda, for 
damplc, drugs acting on tic DentraJ ncrmis system such as hypnotics and sedatives, 
Lb., penmbaibftai sodium and pbemobarbihal; psydiic cnccgizera such as ieocorboKazid 
and nialamide; tcanqniltots sach diloroprnmaKaie rod pioiBaiaine; antieon'FuIsiuilsj 
40 muade relaxants and anti-poifcinHiii a^is; ant^ytetics and antL-inflamniatOty agents 40 
such- as aspirin; local aaestiietics such as procaine; aniispaamodics and antiulcer- agents 
such as 5copoIacii2ej prostB^aucEiis as ^(^J*^-^ POPi^s, PCrF-^?, and 

PGAj anri-microbiala sadi as psaicillia; hormonal agMts such as pretkisolone; 
cstTDgimc 'Stcioids, for example^ IT^-cstradio! and tfainyl estradiol; progcstaiiaiial 
43 stenadsj such as for contraceptive purposMj for caample IZtE-hydroxy-progestertmi; 45 
acetate, 19-Bar-pcogasterons, iioredi'idroBe and the Sympathwnimctic drygs; 
eattJiovassakr diagr, diuretics; a,iiiparasitic agents; hypoglycemic drugs; and eye 
drugs such m pilocaipiae base, piioatpinc hydrochloride, pSoearpitie iiitrate. 

.Various dsmctically-effcctiYC soiute additiTes including orgaaic and inorganic 
50 cnmpoanda are advautaecouily added m the active agcnis when it 19 desiied ie> jel«se 50 
m active agent laving linHted. solubility in the pcnncating fluids Ja water. The tetm 
"lim/ted soiubiEty" as osad hcrda means that flic aigent has a tohihility of about less 
than 1% by weight in the Said. Tlseful osnjoticsdl7-*ffectiv8 added sotecs includes 
salts such as msgneeiam sulfate, magneacm chloride sodium chloridt, lithhutt 
55 chloride} potassium saifatc, sodium carboisate, sodiim sulfite, lithium sulfate, potas- 55 
sitm chloride, caldum bicarboaatt, sodium sulfate, caidtwi sttlfajE, potassium acid 
phosphate, and calcium lactate; compounds, such as d-ruantjjtoJ, ytea, inosiw], taTBtric 
acid, ralEnose, aucrose, glucose and a-d-lnttcse monohydrate. 

By adding, varying luaoimts of these aoiuS additives to the limited solubility 
60 active agcatSj ■ aa iocrKised uratcr activity gradient accoss the semipermeable waU 60 
f esubs wZdi a ooflcwnitant iocrciased unidlrecdoatd flow of fluid tlmi#i tiie waJi and 
a^SBt discfaatge rate. ... 

These added solutes may also be added t» more soluble sgmu to adfust their 
rate of osmotic discharge. The aoltttw «« conTOiently ised by mixing with the active 
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such as 0.1 times 



In the devices of the imrejitioii where 



is eitatsf tfaim 
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agent, either beffirt; charging into the compertmeat or by self-inixkig after charging 
into tix compmiQe&t. 

When the agent is soluWe, it will usaiiliy be iskascd as a s^nirated solution in 
the add osBwdcaily pOTKieatillg the walls, 

5 When the Sigent is of Uimtcd sdhibiliiy it may b« dosired discharge it «s a 5 

sttipensjon in the flowing auid. In iMs Jatter cii», it is neeessaiy that ths sge« be 
in isartieles small mough to pass thiwgh the discharge opetung, PreferaUy these 
particles should be hoc gniatcr than from 3/4 to 1/10 Ute siie of the diachargs 
passagemy. Often it is desirable to promote smpcnsioD in the fluid by adding a 

10 pTDtecdve colloid OJT dispetsant to the agent solute. Exempiwy colloids or dispersmts iO 
inclode the watar-sokble guffls, cifbftSjmethylccH'oIoSe, poly(vinyl slcohol), gdatia 
and non-fexic sarface active agcacs such as glycciyl nnjnofiearate, lecithin and sorbitan 
monote^te^ 

The amount of ataive agent initially ptesefit m die device is eenerally aoa-limited 

IS 8iKi is an amtwnt larger liiaii or Bqml to tbe sum- trf tftt saicruHt of sgpei that ia 15 
jKicessHty to osiiaotica% operate the deviix phis the smouot of agent wMdi upon 
reieasc from the device !?. e£fectj?e for bringine ftboot tbe agetn?s desiied (&xx. 
Since tbc invcntiofl epotemplates A yadety of derices of TiaisuB size; and. shapes- for 
a variety of uses there is ao critieal upper limit on the amount of agent IncoipijtBtBd 

20 in the device. The lov^ Jimit will depend on osmotic activityj the span of the 2Q 
release of the product and die activity of the agent. Genetilly, die device wm con- 
tain fro/n 0,01% to 90% vT.. at. higher of an agent or a misiurc of agent and solute. 
Typically, the device can be ef sucfa suze and shape to release from 0.01 cc to 5 cc 
of product contained in the fluid per iiour for several horniSj days^ months, m laijgtr. 

25 expressions "passageway'^ and "pat-sagemay communicating with" define 25 

means for ideasEngtlic pwdoet iam the deirfce under the osniotic pymping rate Qf 
thu^ device, Tbc isxpretdott tocludes apertures, odficc;^ mi porous elejaeacs liirou^h 
whicb tiis product cm migiste, The caqoEessum include? bsoerodiblc maieriak 
tbitt erode in. the atviroiuciient of tise: tp pisdtK? a p^ssagewiyr. 

30 The ant of tbc passageway should be ^ tiiat the istfc of agerit delirtaxdj 30 



attnbinaWe to dMttston in the fluid present in. .the pessageway is always tban 
the rate attrihul^ble to pumping at the entire contents «f the device;, 

t 

35 through the passageway. Prefeiably 35 



4a 
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flw dnite essentiaEy an osHotic powEnd tferitc. The tate of pamping horn a 
device of the inyeiition is ^veti by the fbUnwiiig equation; 



Qf An drag solubility 

-=-k xosmotie ptcsnrex- 



wbcreia Am=^K'^ or mpmhraae, t]„=iltlcfiiiess of msnbnns, soiJ is a petmesblllr!)' 

-X- 



iaaxi' tematkpiesBinK 

To assure cbe desired orotic nKdtuiiHn, tbe mmmw sixe of tSie passagewsiy 
sbcnild be costxaBcd by aptes^on 

4 1 Q, i 

-X- 



L F t DS 

10 wfiWeiil A, is the cross eactfoiial nrcji at rhe paEsngEway, L is the length of the paSn 10 
sageway ffor a cIet1c« wJeli t passageway tbroflgh a membrEzie it comsponds m tLe 
diickEMS of the meaibfaQe), D ts me iMtKioa eccffidmr of the active sigent in the 
solutioa osmofically ateract«<l iiiit& tie ievke, S is drug loWlity m g/cc and 



}S (F sitwild dw;s hm a vslue vf at Issst 2 and ihisI^Ut' g^taicr tfain ID, and such ^ 
K ftoBi 10 to ICTO), 

The ffiiiiltfnt]a] «ze of the passageway is get 4i» pnrtieni gcnmticm of suffickni: 
presswe to btK$C a vrall of the CDapanmuc, i.e. o jpcc^t ndng too Iii^. Tl)l« 



20 



frfitrm As is the coss-scctional area cf tbs passageway, 7; is tlis viscnsiEy of the 
soliiiion in lie passsgawiy, a? is bydrosaic pressure tlifference between iLe inside 
and die outside of tae deyicc, {pretcrably less than 20 atmoiphetes), L tba Imgth 
of die pasR^eway and Qp^i is tbe Quid flair rate iam Utt device. 
25 Tbe dmcef of the i]wi!miiii& ate made vMi at least cmc passsgtwsy. The 3$ 

number of ^miSf^^yi be vuied so lang «3 xbn comulatm: dimoiiMiiiis aied 
iht above limits. 

While in Fi^. X * gmedc osntttic device is sbown and ic Fig. 2 an ocnlor drug 
iidiTcij- dcsice is Siowo, fc is m be imdcistqod tfaat tie deiiTery devices of die 

30 invcDtioa lan talcc a wide variety <rf ^imcs, shss and forms for atimijiiswrini: ibc 30 
wide lOBge of active ageal£ si coatroHea tar^ to differcai areas and e;lviroimea^ 
as egumpli^ the invmtioa may Cake die fotm of priUs, puis, tabJiSs, lods, At&S, 
and ipiaaie f«i adnwwteritig agiuts., iuc!i bio-ageaui to eatiroiginKantas sticfi as fiddsj 
CI it may, m iivg ddivEry siiaatior.s take tils fona of oral drug delivery devices such 

33 as tablets «ffld filis, fiigiual dsvicss. iiapl,sr.ts, buccal devices, prostbesis, cervicai rings, 3J 
iatraacaiiie devices of aoy geomecricai shspc That readily lends kadf » intrauteriiic 
placemEnt and. ocular drug delTvety devices of any cormajicnt gcomtlric shape for 
conrfortahlo retentioa in fhe cul-de-sac of the sfe- 

In Wis- S dtvke 10 is fesbioassl as ,ia intrauterine device for □snrntically 

40 admiitistHriog sm. aatiEeriility ageat. Device IQ3 has an 1i" coafiguraEiw. ft k ada.£V- 10 
ted for plaeoueni: widdn s utedne cawty aid cfimnctkj; the sides 23 aitd tbe fnodus 



j 
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25 



30 
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Uteri 24 of litems 2S. A removal thread 2$ is attached taibe trailing end 27 of device 
10. Device 10 h comprised of a. wsH 14 fomicd cf s semipenneisbie mcmbrsns stiv- 
routimng a prodvitt ccunpartiiaait 15. Passageway 16 ojinmimicatts with coinparC- 
""tf i^'^- Compattment 15 comauis an antifttti% agcac 20 thst may be 

«okible in and cdiibit aa osmotic pressure gmdiaat against uterine &md that enters S 
the ajBipartnuaat ifiiotyjh stmiponncabk waH 1<. The agEnt may also iiffire limited 
sojub lity m the iKsmieable floidj in which case an osmotically effective solnte thac is 
SMuble m uterine fluid arf cixMjits an osmiotic prcaore gradient against external 
uterina fluid wiU be sdjuixed uiith it Wall 1.4 lets uterine fluid or water therefrom 
{WtmcatE into djatnber 15 al a rate KsrtioUed by its penneahfliiy. The fluid cotcrmg 10 
chamber 15 dissolves or picks up disposed pstticba of agmc 20. Aa fmthEr flqid 
cntets chambar 15, dais saturated solution or dispcrsioft of agent is disdhai^d to 
the m&tas through passageway IS ac a rate that corresponds to die rate of Md 
pcaineability itough llic membraQe wiiidi is controlled by the osmotic attraction lo 
15 the ftud as capressed by the osmetic presstni gradient acrosa ttc wall 15 
_ Fig. 7 iilnstrates another dispensing device 10 of the iaVcntion. Devict 10 is 
aeagnad for admrnistaing a drug 20 within ar. anal cana!, not shown. Device 10 is 
com^lsed of a wall oi 8eink«mktablc film 14 shaped like m obelisk with a lead 
and 8 and. a tailing end p. Wall 14 BUtrounda a piQdnct cqmpamnent 15 defining a 
^ rtsETTOif. The reserroir contains soUd drug 20. Drag 20 is rele^ed froai deyjee 10 ZO 
at a contrtUixI rate over a prolonged peiwd of time thnni^ oasSflBCway U whish 
temaaiates at outlet 17. mU 14 can he ifiotaipic, or aaBotiopic In ihJs oeraiotk 
suppository, drug ia rdcaised by the mccbaolsitt fAi^ify described. 

Ill Fig. 8 is a deadoo 10 of the iiraition as jhwn, Deyjcc Ift is a dosage form 
for ora! administration of raedJcatiOn. De;»fce 10 has a wall 14 fonned at least in 25 
part of a semipetmeable mawrial. Pttssi^ay 15 communicates with the cictetior 
M cac device and in response to osmotic nctioa rekascs medication 20 to the exterior 
of tht device. Device 10 can iiave more tlan Oflc paesagcway. 

_ The amount of osmotiaally egective substance presEtit in the Jtist dascribad 
devices js initially in ejccess of the amovint tliat can be dissolved in the fluid prfisent 30 
an tlic m,teiior of the device. The said substance may be the acciye agent per se, or 
adraiiccd with an sppropriste cmnpoaitiun. Under this physical 
siai«?i (wtsen the drug is ia excess), the device iviil osmoticalfy Dperate to give sssen- 
Oally zero order rate of xekaao. Tba rate of agsnt mlease can be varied if desirad 
35 by eoTOrme ^ « poflmn of the setaipeomaWe material witli a pattern rate 35 

The pattBTji rate cantmHSng matetisl erodes in the envimanient and expo$es 
"wyiag amounts of scmipenneabJe material. This causes the rate of fluid «ttiy tuto 
the device and iiencc die rate gf acdve agent dischaiige, to v«ry. The me d such 
40 pattern rate controlling coatings is depicted in Fig, S where a cross-sectian of a 40 
device 10 is shown. The device of Kg. 9 is ssiailar to the dtsviffi of Fig- 3 wftb the 
additiDn of the pattern rate coatings. Device 10 of Fig. 9 has walls 14, 18 aad 19 
which define an inner compaitment 15. Located within eomparciijoit 15 h active 
ageot 20 and Jiqiiid 21. Walls 14 and IS are semipcrmeafeie and if uncovered wouid 
45 PJ*™^ ettemal liquid frora the cnviromnent of use to peniicate into compartment 45 
15 aiJd osmosically release ageat 20 timiiigh a nmall passigrway not sliown. Walls 
14 aDd_ IS a.re oovcdred by pattern rate controlii'ug coatings 9. Costing 9 is formed of 
synaetu: or aatutaily oocundug aateriaOs wJudi possess quick or slow erosion pro- 
perties and aic irapermeabfe to the passEge of esteraai floi^. Coating 9 undergoes 
50 ttpsm m the envicGnmenr by such prooesseg as soiubiliMfiiDn, hydrolysis or the like, 50 
Pjffercnt areas of lie semipenncabie material may be coated wWl dMeiCnt patCsra 
rate csmtrailing coatjcgs 50 dtat varying axem of seaiipCiinfiaWe roaterial ate ex- 
posed with corresponding Taryii:^ drug discharge rates. 

The pattsm rare coatiflgs to be eflbctive, ajs iaipeHaedjle to the fluid which 
55 permeates the scmip«meaWc walls. One daas of smjable nMtetia;^ for oauem rate 55 
coaaolhag materiala most useful for oral dosage forms foi drags axe the enterit: coat 
Mgs that give a predetermined release rate profile by resisting the action qf .stamadh 
fluid tff preyeat vraicr permeating through the wall, while disintegrating ia 
mtesnne to la: fluid etiter the device, The enteric coatings suitable for the present 
wenuoa include those materials digsstible bv the enzymes in the imestiiifi tract 60 
and matenafe cQirtajiune an toaizable pelyfieid, ficijueDtly a long-chaiti polymer wiii 
iOiWSble caibt>3Eyl_ jpoups, and liie like, TTpicai materials for forming enteric coErt- 
mgs inelujfc fcHatm, ktratin over sandaractoiu, lemary copoIyuMH! of styrene, metii- 
act^c wad wtdi baiyl haif-ester of mafeic add, and the like. Typical cateric costings 
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srt disojsscd in Runat^ord Plxirmacetiiiaa Sd&ices, TMrteentli Ei^ pages 604 to 
605, 1965 Mac)! PabBdii«^ Cd, Eaffifl, Pemsa. , 

The costing S csnfed m Kuiipwnioablc wall 14, wo sho be mide of a time 
idf^sc profile Eiatertt! thirr atadui% erodes at a ■prede tmrrin eii tate iti earoGQ- 
mmtid fliiiife tliTis tajjosing tiis sdmpermeabk wall to tbe smroandiif flttli By 
adjnstiiig the ihicfcness {if dis ccadn^ any iWsLrii rdcasc pedEQc (an be programmed. 
Bxranplaiy Bjattiials induce cbcsc -naierjals wHdi slowly dissolve » fluids, and 
coaEiDg materials *sa hydiolisc m body fiuids, ior CKarapIc, tie. polyMiie esscn- 
tMvWtr, 4itnusic md aiih(7diideE cf llie fijcimili 



r 

La 0 



10 



Other coaJinp Mufit polyanhydilde polymers oj scbsdc aKclaie *nd puly 

Coating 9 can also compria; a Sydrophnbic polXcarhoxylic acid) having lUs 
iiTErage of one ionizablc hydrogen for cadi S to- 11 carto atocos, Tlicsc polyscid 
ts coatings erode ty a pioctJa of cMbojgaic l^drogen ionizatjun. Tliiis arosiaa extecds 13 
over 4 prolonged period of timt aad fisqrasBS tie setnipmncable wall nvft a corres- 
ponding proliH^d period of taae. Esfimptoy |oly(cari!Osylic adds) waiaisls iBEfol 
a£ co9£iD||S vr^ liK liydfO|pJi3l)ic solyaddff wbfdb aic rcpiescntcd by ^ genwai 



I 20 



25 



20 |w.(5ft |-tyj ^-OH 

0 J5 0 

wllMBin tiE R's ate ttrjanic radicals iBd<?>CBdcntlj' setaod to proyidc, oa arerage, 
ftom e to 22. tote! caibcm ««im» for e«di onboxyiio iydrogwi. Vaxisdons of this 
ratio wirWu Jiis iTmgB eta vwr *e wwion bUes jnpared ffom th« polFHsraie 
adda Orgamc rsdicsls icpicseiiJed Ijy R^, R", . . . R» nwy bo sdectMl from liy(*ro~ 

25 carbon HiiSials aad hoeronnm naaaining M:giulic ladkab. Suftnbk Iwteo ^Ji» 
for (mpiojarieit in S.^ R», , . . R" induifc «lRSen, nitMgtai, MitaTj and pJiosplKalli 
is well as odj?r heKfo stwns. _ ... < 

CS»e stoop of (faticg toataials used to cttat the oamonc dispinsmg dwioe o! 
the IfiTCndDn comprise hydn^jbobic pojjwjcss of aa aad selected ftom aeiyw and, 

30 loTftr al!<yl aciyUc adds of ftom 4 t» 6 ci*au itojns per ittonomenc ' unit, and 3" 
makic aCldi eMicr aloce or copoIynieiiTied widi up to Kboot 2 moles per mole ot 
acid of an aleSnlcalily tnSBturaied compamid suth as ethyleae ot m a%] viuyl ether 
ta ffiWdi i!w alkyl contains 1~4 carlipii atoms, wbwam fioBi ffijuut 2t>% to M% 
of ^ add groups ta'S sem cstaified wilii an »lkajiol of from I to about 10 carbon 

35 atnms sijiA wherein tts taao of ffital cariwn itonis to acidic carbostyJic hydrogens is 
in the isnjc of fn,wi ubuut S:l Co aJjottc 20:1. Abo, stiitabk eo«WB? mcMe the 
hydrophobrc paitiaEv tsitrifad cojKjlpHetS 0? aayEc acfd, metbwryiic add or 
ffu fair add witli aoM 0,2 to 15 fimlcs, per niole of add of odiylaw or mi aBtyi 
TOiyi Btlier in wliich the a!fc?i rontste 1 it> 4 carbon atoiBS si^d »?o3yiner havas 

40 (rem slmt 35% to about 70?^ of its carbojtylic groupi csterifled Trith lower cllnmol m 
of frmn about 3 to aboct 10 cw'qou a'toras, said copolyniErs SaTiag a csrtjcii to^addic 
carbDKylic hjdrogn; ratio oi from about 10: J to about lJ:l. Tnc coatmgs lui-tlier 
include hydrophobic oapoiysieas of maklc acid wita fibom on* mole, per aiolc of 
msOeic add, of ethylene or methyl wl ether, said popoJsflier iaemt about half 

45 of its total carboxyl |i£>aps eswdfed wifh a I«Wf monoaftandl of from 4 » 8 CWboS 45 
attHns, whersin tbc catixm to acidic carboxyiic hydrogia! latio ha.% a rake of fr«n 
about 10; 1 to about 14; 1- OCiier time delay materials icctode fatty seids haraij 
10 to 22 carboasj alcobels having ftomi 14 to 30 carbofls, t!w esiais of jwobo-, 
di-, or triglyssifyl wtsis fonnsd from imy adds having 10 lo 22 eaibon tttxnuB aad 

50 i&sxm and sidjsiitMed aScone dedsratires. 

Tiiese rate jpjtttEni coatings are espedaUy efficctim with osmotic oral dosaie 
fonHB for drugs ni<* as *ma; 10 of Fig. 10, , ^ . 

A dewioe fbr rtlrasits metfiatiiai at a 200 wcusi rals to a prefftleateo. enTinm- 



50 
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mmtf device 10 is suitably adapted for the oraJ admiDisttation nf a medication. 
Device 10 is compriMd of n wall 14 fanned ciditr fuJly or ia at least a part of a 
semipenneable film forming mfimbninc that suaremnds ntfidicration. A coatiiig 9 of 
Constant or vafying thidtneas that erodes Off uodet^oes dissolutiQii in the gustm- 
intesiinaE tract is coated omo ssqilpenneablt wail 14. Coating 9 owi be »tt enteric 5 
coat whict is not disinteg^aosd in the stomach and yet Is wadljy avatlabfc for dis- 
solutloii in the uppex intestinal tract, & also can be a material jfat gmdiHlIy and 
continually arodfis or undeigoes disBdtition. as the device tmtis tllrou^ the gastni- 
iaCcStiEal tract. A passageway 16 releases irsedication to the exterior of the derice. 
Device 10 has at least one passageway aad it can iiavc addidanal passisgeways to JO 
release the same amount of diug or more drjg at various osmotic pumping am 
to the host or the environment. 

The fflwentioD will be foithtr described by Ae fdlowiQg exaiuptes. 

EXAMPLE 1 

15 An osmotic drug ddivay dcvioB is majiufactiKed substantSaliy in sccoid with 15 

Figs. 2, 3 and 4. It iffls an ellipse shape aad is comprised of two otoer serjiipscineabk 
walls (14 and IS in the FjgtJtes) esdi fused tn an inner middie wall (19) having a 
center area dcfiiiing a comparament inn: tMatainin^ a drug. A cbuf t«lease passage- 
way (16) passes frotn the inner compamacnt to tlje canBtior of the dcficc. 

First, moteriai foe the two semipetmcaWe walls is formed by thorougtav miirfng 20 
1 pan poiyurethane ether (Eaanc® 5714 of B, F, Goodrltli Co,) with 3 parts tetra- 
hydrofuzaa and drawiog a 0.25 mirj Sim. of tic mistmc on silicone lelease paper. 
The film is lir-dricd at room teittperstuic to yield a matena! about 0.O6 mm thidt! 
Two sBihipcroiaable elliptical walls for the dcviie, each about 15 mmX6.75 mm, 
" are .cat from, the Sim, NeS^ & mijJdte wall material is prepared fay miting 20 parB 25 
ethylene vinylaceiate, 80 parts metiiytem: chloride as^ 9.1 parts blue Mc aad cast- 
ing a film which upon diTiag is 0.10 mm tijick, TWs fiha is cut into a 0.5 ram wide 
hollow 16 tBiax6.75 mm clUpsa Th* mfddte wall is laminated id oije of the semi- 
penaeabk -walls with a -vacmim latdiutor. 
30 A vcaisr soiuhls (0.25 g/cc) osmotically effective 6mg, pflocaipiBe nitnsts, is 3ft 

dispersed ni Ethylsnc/viByJacetate copolymer, the weight ratio of tie dim In the 
copolymer being 80:20 and placed into the CWnpaiUmait of the middle wall. The 
copolymer is not a solvent, but acts a film former t<y fedlitBte Ijaedilng of the 
liqaid drug. A parous silk suture is laid over the middle ring and the third wall is 
35 kmiaaifid over the sucre and the middle ring. 

When this device is placed in a_lniman eye, water fimi tear fluid is imnediately 
osKioticsdly drawn tfanough the scmipeimeaWe menabranc izito the central ccmpatt- 
meiit of liie dtviet where it dissolves liie drug. As mine water is dawn in, an osniodc 
ptessuic is rapidly developed wjiich dispenses the drag out along tie porotJS Silk 
sutere wbicb eiflfectivcly defines a passagewaj'. kom the «ntcal compaitaiear to the 
etterior of the dcfricE. The rate of pjlocsBpiae aittate idcase from claj dffrica.js a 
controlled constant 30 !i^/i.tw. 



35 



40 



EXAMPLE 2 

An osmotic delivery device for osmoticaHy releaaag the active agent, potassium 
chloride, is prepared. (Potassiuto chloride is useful as a drug but also finds ase as 45 
aa is aod snoiw lemoval agent and ss an ioaic stEeagth adinsting ageot.) Potaasimri 
ch!<ffide crystals sad a tinder are compression molded into 500 mg/9.5 mm diameter 
taWets, The taljleB ate coated wiii ebUnlosc acesate (Easotiaa Ejjdak E-320) using 
a Winstei' air suspensioa sppw*'** ^ » 5% soMon of polymer in dioxaoe. The 
50 tWckfiesB of die coating ja iJbow: 025 mm. A pasageway is cut to the potassiuai 50 
dilciiJe core of each coated taHet by mccbajilciil diilliag or laser drilling the outer 
coatings. The diameters of the passageways range from 0,10 nun to 0.27 mm. 

"Wheti the devices are placed in an aqueous test enyiromneiit (hey imbilje water 
tkotig^s their semipermeable outer coatings. This water dissolves active agent. .The 
55 solutiap of aaive agent is disdiwged tisder osmotic piesswe at a rate of 26jBg±5% 55 
of KO discharged per hour. This rate letnains constant over, a prolonged period 
as shown in Fig, 11. The rate is not depsadest on the size, rf flje passageway over 
the range tested. When, iq funiief tests, the pss.ragcway size is lowered to 0.0035 mm 
or less 05 incaSased to 0.S& am Or larger, oa:igtic release results, but Often at nttes 
69 which vary pmportiondly to .passsgct^ay size, ^ 

Dofices are made atEwding to Esample 2. The devices are wdghsd and ctslor 
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ended. A series of dghc coded devices are administered to Wo dogs sr regular time 
intervals. 12 bsmis after tte tet devices are admimstBied, tiie dogs a^e sacaiicedj 
and the dexicxs are tecovBced, aiec^, dried and weighed. The wei^ of KCl relewed 
fyxm each dcidce is plotted in JFfe. 12. Tkc aTOage laic oi KQ idease is 24,3 
S mg/lKnir, a value in agietmejit *it5 the valnc deteBJiined in Bsmnpli: 2. 5 

EXAMPLE 4 

700 raj; poititms of aidinitt pheijobarfjital ate cwjipresscd into capsule-shspcd 
coiss. The COKS ace impaled tm 0.4 torn diamentr wires and tien dip-coated in a 
sohition of ttUulose acetaiE (Eaaman Kodak E-376) in toane and dried. The dry 

10 cellnlosc acetate coating is about 038 mm thick. The wires at« removed to pv& 10 
passagevraya baviag a 0.4 nun dijmeter. These dei?ices release phenoTjarbrtal by an 
osmotic laechaiiism at a- constant tate. When these devices are placed in sirjiuiated 
gflsttic juice Jtor two hoars and then in simulaied int^stitial juice (sss described la 
Tfar United SMes Phc^mScOpom, Eghtcenai Revisicin, pages 1026 and 1027, 1970) 

IS ndesse nttw iodependent of pH are oljseivtid, a$ ihown k Kg. 13, " 

The derice ptqpMntiwi of Biample 1 Is repeated, Tire ^'«m are Chen sab- 
jcctod to an additiona! processfcg step. The semipennqable -wbUs ate coated with a 
watEr-itnpttracablc release rate profile coating of hydraphabic polyujer. 
2tt The pmfila coatiag iB the n-pentanoi half ester of cthylcne-malcic labydfidc 3tJ 

Qopahiner. 

The copolymer is prepared 3s follows; 12.6 grams (0.10 ucpivalcnts) of ethylcae- 
mafdc anhydride copoiyica (Mod«ar.to EMA, cSadc 31) is stirred witi 50 ml (0.6 
moles) of n-pentyl alcohol at 120— IZS^C for 7 Iioura. The sotntion. is cooled ^and 

25 methylene cMoride is added to picdpilate the product (ioSal vol. 3 1). The precipitate 25 
Is s^rated and dissolved ic 7i ml aoetone. Acetone is removed to yield the poilr- 
mer ftFoduct "W^ch upon cmdysis is fcmiui to be: the poticyl half eEte of the odd 
kiaa. of the odgiaa! aahydtide copolymer. 

This polymer js diSsdved in a mfnirmutt amount of acetone and sprsad on Ctw 

50 seaiipcrmeahk wails of die devices a doctor blade and permitted to diy. 'Whssi 
ihe coaesd product is placed ia a human eye, initially there is no rdeae*- of drug from 
the inner compaitaieae aince the water impenneable release rate proffle eoadng pre- 
vents the passage of water tiiough the scmipBtnicabic walla and lims no osmotic 
piessure or 'osinotic pnnipiiig of the: drug results. The profilt coating is crodiblc, how- 

35 cT«r, so that after an initial pedoc), the stampetmeabl« walla arc exposed to waner 3? 
and oaBtrolled paSsasfA osmotic deHmxy of tfie drqe b^giiia. 

EXAMPLE 6 

A mmbex of the cdlutos; wxtmrceassA devices prqiami in Emnplc 2 arc 
given an additional outer coating. This ooatmg is sn coterie ccathjg that resists the 

48 acidity of the stomach and preTOSts 83y flxiid eatcriag tbc compsttniest snd rdesse 40 
of drug frtm the device but which disiDteglates ia 'die alfcaiinity of the intestine 
and pcnnits osmotic drug rtlftase. Useful enttric coatings that can be ajylied include 
fc^iatia, calcium alginate and shellac The release piofile to this dwSce is first a 
non-release ^te in the stomch with a release ststt ia l}ie intiestitic aft«t ddsiabigta- 

45 tam of the coating as illusirated in Fig. 14. « 

EXAMPLE 7 

An wssx/Sr ddimr device fbr txafoplc m. aaxasA. wfth Example 1 having -two 
janipcimcai^ mnnteaiies it coai£d on ooly one memkanf tridi a drug release rate 
ptoSk cnticdc cDBtBii; (fihetls<;-&-&Qtyt s«arate mixtmt:). When diiis i^vloc is taken 
50 otaUf md passes into tk: stDOfiiadi, drag h osinatically leleasad {it a conatEnt laic;. 50 
Wbctt the device passes mto the intiiitiae, the mteric coating dismtBgiatEs espos^ 
additioDal semipacneable raembrane and the rate of osmotic release incKasea ptio- 
portiensll/ to a new constsjit rate. 

WHAT WE O-ALM IS: — 
55 1. An osmotic device for tiic contrft'led aitd coniimions delivery of an actire S5 

agent to a Equid coutsining envinitiinHit of me over a prolongBd delivsry period, 
said Ofjmpdsjag: 

a wall fbimcd St laia partly of a semipenDcsbfc materialj said wall being 
characiBtized by utaniaimttg its integchy duringr tbe ^Ihrety period, and «aid materiM 
<jO bcii^ petiiwahfe to the passags of the liquid in tiie environmesit of use and being 60 



30 
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10 



15 



2D 



40 



t 



wIkib L and 



aie as defmed abcftt, ij is i3ie Tiscosity of the seJudoa in i1b piKSigEway sad AP Is 



3)3 



11 



substantiaKy uupccctteablc to the pmsftge of tins active aigent the wafl sumiundihe 
and defining a cQmpaitmeii^ 

said compaTOi«ar conEsining an osmoiicalJy eEEcctlTfts substace cmprisins the 
actwB agcBl; ^ 

and at least one predefined small pissagcway ajmaiuBicatnif widi the rompan- 5 
mcBt and witli the escterior cf the device for refcasiog active agcni from die device, 

2. The osmadc device according to claim 1 whcndn the agent is soluble ia the 
Jiqwia of die enwroflfflcni. 

3. The osmotic device according tc? claim 1 wherein the osmotically efiectiTo 
subECaace comprise the active agsat nussd -with an organJe or insrganic sohita that 10 
eihibits as osmotic pressure gr^iat apinsE the liqiiid tsS the enwronment. 

4. lie oamotic device acmiriing to claim 1 whtosin the liquid is water. 

5. The osmetic device aomriing to daim 1 whaein md device has oidy a 
sfcgle passageway, 

6. TTie osmodc device aocwdiug to daim 1 wbexKn the osmrtJcalj' cffiscdve 15 
substance is present in tie compdrtmefit in a ptopottion in cxctas of Its sohibdlity in 
the iiqviid, 

7. The oiimotic device according to claim 1 wberein the active agent is a plant 
V^'^<^' insBCTidde, genoiddcSj funj^icide or algicide. 

a. The osmotic derioB according tO claim 1 v/bereia the active i\gent is a drug. 20 

9. The osaiofiic device according to claim 8 wherein the device is ac^pted and 
Structured as an oral dosage fona for admimattation of a drug to the gastroiotwtjnal 
tract. 

10. The osmotic device accaidmg to daim S wheroin the device is an intrautaine 
device adapted foT the release of a dfup to ihc metis. 25 

11. Hie osmotic deivioa accwidiai ttr cIbiid 8 wherrfa the de^ce h an oadar 
device adapted for icscrtion into the ad'd>*ac of tie eye. 

. 12. The OEiiiotic device according to daim I additionally comptiaing a release 
rate profile coating covering at leaii a pm of the semipenneable material. 

.13. The osmotic device according to claiai 8 additionally comprising a teleass 30 
rate profile coating coveficj .it - le.5st a parr of the scmipeixncahle material. 

14. _ The osmotic device in uraj doiagc form according to dfljm 9 sddidoaaBy 
comprisiiig a relesse rate profile enteric coating cohering at least a part &f the 
semipetmeablt mmml 

15. The osmotic device accofdiog to claim 1 wherein the Bemipenncabk material 35 
cos^iifsa ceUulose BcntEdEe. 

16. Tbt osmotic devke aoctHdii^ to claim 1 wherein tl^ maximum aize of the 
passageway is ocmtrolled hy the cqoafea: 

A. 1 Q„ 1 



in which A, is die cross sectioaaJ area of the passageway, L is the pass^eway length, 
D i? The diffusion coaflideBt of the active agent in the soJidjciin fqunwin the COffll- 
partmeati S is solflbiiity its g/cc, F is at {east 2 and 



is the puxnpin^ rats of the entire contEnts ai Ufc device and the ajaansaB siZE of 
«J the passageway is coauolled hy ii» equatiDn 43 
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1,7. TIjc osmoBe Scmce of data, J6 whateto F is greatsr ihrn m 
18. A IHDCCS! for SHwidflifli! aa Mawtif derjce foi tfit conaolkd, and cw- 
tiDUcrus ddna;^ of ail tcdra agent ta a liquid coiinlDisg eaviioamilt d ua: ovet a 

5 a) foroiing a core of an osaMSiailly effbtiiw sabstwce cnmpiiang M acdvc 



b) eavelopiEig fls: core m s sanipenncaWe mmlicaae material which Jii9!j)taiiis 
its ittteeffcy datlas ifae ddivcor peiiod, iis pcsmrable to the inward passage 
rf Kqmd from the enyii^siraejit of use, and is substantifjly jmpcnmsihlc to 

10 ste psssags of tfas active jgent ii tbe core, anri 10 

c) fanmng at least OSS iiofe in ilio memtasoKi M aa ootiet passageway &£ 
acrfffe agent, tlic holr being sized ao that tie sxixn agent b aeKvexed sub- 
stantiallj' by oaiaoac jwimpii:^, 

19. A process accwding to eCsim 18 SUtiweSn fie zgajt is solubte in tbc liquid 

13 of Ac cavironmcnt use, 1' 

20. A pfscess s-ccordinf co claim IS wbeiein the DsmoticaUj e£feiKive snbstauKi 
ooaipriscs t£e acdve ign;t irJyed witb an drgftnic or inorganic sOlBte tliat exbibiis 
an osmotic picssuK gr.idisrr sgaiost the Uqiriii of tbe envjTOcment of aw. 

21- A proi«as aeeordiig t» 4By o/ cSims IB to 20 yhweio tiic Eqciiji of tho 
20 eiiTiroEiinmi of uw is ralW. 20 

22. A process aoturafiog to ojy of daims X8 to 31 wteieia tbe <jETice bra only 
ft siB£le passageway. 

23. A process accoiding w any cf duims 18 iio 22 -ffierein the ectiva agent it 
» piuu nutrient, bfrtxcide-^ p««ticide, insecticide, gpuuade, fm)|idEie, or aJgiddc 

25 24. A prooss accoidiBg to jsoy d <l!aas IS K> 22 <wlie!m.llK active a£eat is 2$ 

a drug. 

25, A process accgiding to dam M whettin tbe iavisx is, adapted iiiid itruo 
tuiad as an oiil dosage fotm. for aiJmiaistradDn cf a dtue to Jiw gi3troint«ttQal traa. 
2C. A process wxrilat to daSm 24 wterin the device is m intnmtcriDic dtvio 
SO adapted ioi tte .teicase a dmg to tbc Tiecnis, 30 
27. A process aeeotding co.dsim 24 wheiaia tb* <S6vi« is an ocoiat device adap- 
isd for insEitiDii into fbc ca!>de-w Of tbe (Sya. 

' 28. A jnocess accxitdiae to any <»f daiBis IS to 27 wbcidn tlK device additionalty 
foinpmes e. nkaie latc preElc coacbg: cavaiD^ at le^m a pact uf the semipermeabte 
35 fljeantiraije, 3S 

29, A process aoconfing to any of daims 18 ro 27 vtoeia tie scmipciincabk 
fflembrsae laMerlid is ctjluiiijc accuitc. 

30. An osa^tte derke substantially as luxcin described with refenuic; to and 
illiis&aied. in Figutes 1 i» 3 of tbe ammnpiinTing drawings, 

40 31. A pmCEta nooKliai; lo cfaim 2S wbeietn liie smqieniicabie raeoibniie 40 

maicrid is cetiiilosc aoetate, 

32. An osmotic dnjec 'siibMsntMy as heteto deso-ibed with nfcitincd to snd 
as il]u!i(i.tcd ia Figure; 9 and 10 of die tKcmpusyms drswiags. 

For die ApplicHUs; — 
E J. CLEVHLANI) & COMPANY, 
OtEctsred-FRtestt Agents, 
40 — ^1 CbanoEiy Lane, 
London W.C2. 



IPrinigd '« Her DitijwIir'B Sistianetr OEM, 6y tiro Conrjor Frosa. LBamiMtcm Bss. I9?S. 
PnMliBlredlir SThaPftlaiit Offias, S« SsBanmpwn B^afiap, London, W4^UY, fiom 
vHcb (cip^ may 1)b olr^fnod. 
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